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ABSTRACT 

Described is a proposed structure for an elementary 
school science program that has as its fundamental, underlying 
assumption a science curriculum that enables the child to "learn how 
to learn" and sets self-actualized learning as a major goal of 
education. This program also calls for: (1) flexibility that 

facilitates maximum cognitive progress of individuals, a program that 
involves a self-determined pace; (2) instruction that facilitates 
individual development of interests, attitudes, personality, and 
creativity; (3) a program that encourages a child's tendency to 
accept the existence of individuals who have ideas and values which 
are different from his own; and (4) specification of several elements 
of classroom conditions that are described in sufficient detail to 
permit implementation in the schools for which the program is 
intended; these conditions can be established and maintained by the 
development of appropriate teacher behaviors, facilities in the 
classroom, and materials for children. (BR) 
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Introduction 

f 

Any discussion of science for the elementary school child can be facilitated 
by the Immediate Identification of the biases of the discussants. I shall re- 
veal my biases by stating a major assumption regarding elementary school education 
and by making several statements of how science relates to that major assumption. 

Following those statements I should like to propose a structure for an ele- 
mentary school science program which is compatible with my biases and with some 
research activities, to v/hich I shall refer. This proposed structure has grown 
out of about three years of work with children, teachers, and a variety of ele- 
mentary school science activities. This work is associated with the Child- 
Structured Learning In Science* Project at Florida State University. 

A Rationale for the Student-Structuring of 
Science in the Elementary School Classroom 
( or Some Biases and Some Research) 

The fundamental assumption underlying a modern elementary school science 
curriculum should be: 

*%eccming how to team'' is of tpjoqov irnpovtocnco to th& elofnentcofy 
school child** cmd he facilitated by school experiences 
Self ’’actualized learning is a major goal of education. 

Independent, self -actual I zed learning is characteristic of pre-school child- 
ren; this pattern can be continued without Interruption during the elementary 



* CSLS is a research and development project of the Department of Science Ed- 
ucation at Florida Staie University (Tallahassee, Florida). For information 
write to the author of this paper. 

** In this paper the "elementary school child" refers to a child who is preoper 
ational or concrete operational. In most schools, these children will be in 
grades K through 6 and vary in age from 4 1/2 to It 1/2 years. 
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«chool years for portions (if not all) of the elementary school curriculum. 

The following statements relate science to the foregoing assumption: 

I . A major contribution of science to the elementary school curriculum 
is the enhancement of the thinking of children ^ Developing ability 
to think systematically and creatively is more basic to ’’learning 
how to learn" than the traditional skills of "reading, writing, and 
arithmetic." 

This statement does not suggest that the ability to express our ideas and 
emotions is not important. However, both popular and research writings are re- 
flecting our need to put first the thoughts, the ideas, and the sensations. Then 
the communication becomes the tool. 

In a recent popular article, William Hedgepeth comments on our inadequacies: 

So, while the framework of our language hamstrings the brain's 
ability to think, we cramp ourselves even more, just out of 
sheer perverseness. As a result, we go about transmitting 
at almost inaudibly low Intensities with equipment that's 
inadequate to begin with. 

If words are sounds that symbolize meanings, it's obviously 
the meanings and not the sounds that are the things we try 
to get across . (I) 

It is the idea — the meaning — that children should have opportunities to 
develop. Expression of those meanings follows the development of "the equipment’’— 
the thinking ability. If each person is to recognize that knowledge is man-made, 
then each person must participate in its construction; then comes the communication. 

The Educational Policies Commission of the National Education Association is 
responsible for the following statement regarding the developmenf of thinking 
ability: 



The purpose which runs through and strengthens all other 
educational purposes~the common thread of education — is 
the development of the ability to think. (2) 

After more than a quarter of a century of teaching, consulting and doing 
research, John Good I ad emphasizes the importance of a curriculum which ptacee- 
thinking first: 

If tomorrow’s adults are to possess the power of rational 

self-transcendence, thought essential to the preservation 

and cultivation of mankind, then the curriculum of today's 

elementary schools must assure development of the full 

range of processes involved in the mother process, thinking. (3) 
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This ’’mother process, thinking” Is most directly related to the science 
segment of the curriculum. Herbert Thelen puts It this way: 

Findings are science's short-range benefits, but the 
method of inquiry Is its long-range value... The signi- 
ficant product of science and education will be the 
incorporation within the human animal of the capability 
and habit of Inquiry. (4) 

Reading is frequently identified as an Important outcome of elementary school 
education. Reading has been defined as ”...a simple process of associating print” 
ed words with their meaning; a process of getting meaning from printed material 
by putting meaning into it.” (5) Getting meaning by putting in meaning requires, 
of course, that appropriate experiences have permitfed the development of mean- 
ings. One researcher (6) reports that reading is enhanced In children who have 
developed an ’’analytical cognitive style,” which facilitates the differentiation 
and analysis of certain hard-to-d isti ngui sh pairs of words (cat and bat, doq and 
bag, etc). 

In interpreting the work of Jean Piaget, Mi 1 1 i Almy discusses the relationship 
botween manipulative activity and verbal skills: 

While the vicarious is certainly not to be ruled out, 
it is direct experience tha+ is the avenue to know- 
ledge and logical ability. 

Language Is important, but for Piaget the ability to 
use language to express logic Is an outcome of activity. 

Attempts to improve the child's logic solely through 
instructing him in the use of language are not likely 
to be very successful. 

...the findings in our studies of a rather substantial 
correlation between performance in conservation tasks 
and progress In beginning reading suggests that, to 
some extent, similar abilities are involved. A Program 
designed to nurture logical thought should contribute 
positively to readiness for reading. (6) 

This "organizing principle” Is based upon the notion that systematic 
thinking is compatible with and even enhancing to creative thinking and, 
furthermore, that systematic and creative thinking facilitate learning 
In all "areas” of human endeavor. The curriculum must encourage the natural 
tendency of the child to seek relationships and to make distinctions. It is 
not necessary to make the assumption that "thinking can be taught” or that 
"creativity can be taught.” It is necessary to make the assumption that 
"thinking is developed by thinking” and that "creativity is furthered by en- 
gaging in creative activity.” 

2. A second important contributi on of science to the elementary school 
curriculum is the facilitation of a positive self-concept with regard to inde- 
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pendent learning . Elementary school science should enhance the child’s feeling 
of competency to Identify and solve problems which make sense to him. This Is 
brought about by providing activities in which each child Is successful. There- 
fore, the child’s success must not depend upon language skills, cognitive level, 
home environment, values, or other elements which give some students unnecessary 
advantage over other students. 

"A child’s self-concept of himself is built partly through seeing himself 
as others see him.” (7) A child’s sel. -concept is closely associated with his 
’’cognitive. Intellectual, and achlovement behavior." (8) Although most Head 
Start Programs emphasize the Improvement of the child’s self-concept (7), 

SmI lansky reported that ratings of deprived children after first grade show 
marked decreases as compared with a year earlier. (9) 

Erlkson says the danger to the beginning school child "...lies In a sense 
of inadequacy and Inferiority .. .Many a child’s development Is disrupted when 
family life may not have prepared him for school life, or when school life may 
fail to sustain the promises of the earlier stages." (10) 

John Goodlad comments on the "responsibility" of the school in avoiding the 
perpetuation of the "Inqualltles of society represented In the home." The 
School, he says: 

"...must provide the opportunity for a fresh start. For some 
children this fresh start must be provided each day until 
they come to realize that the behavior demanded of them out 
of school Is not to be held against them In school. And, In 
time, under proper guidance, the behavior acquired In school 
will come to guide more and more of their behavior outside 
of school. If education Is to be forever lifelike, our schools 
will never do more than mirror life around them, the bes : 
undifferentiated from the worst. 

Schools must strive to counter-balance much of society In 
providing for the most as well as the least gifted learners." (3) 

The science program for the elementary school child must provide Interactive 
experiences of the child with selected segments of his environment that have the 
specific advantage of Increasing the child's estimation of his own worth. By 
making and Implementing his own decisions, the child will come to recognize 
the extent to which he can have an Impact on his environment. 

The disadvantaged child frequently has difficulty with school experiences 
which depend upon verbal communication. In the "usual" school environment, 
differences In language skills associated with "social class" membership In- 
creases between first and fifth grades. (II) Ideal science materials are designed 
so that the child can manipulate the materials successfully with no verbal 
directions from the teacher. The child's verbalization Is not required but 
develops spontaneously from his Interaction with the materials. This Imple- 
ments the suggestion by Deutsch (II) that "curriculum change should be intro- 
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duced at the earliest possible time in the school experience..." to reverse the 
pattern of accumulative deficit as a result of "cognitive retardation" growing 
out of "experience deprivation." 

Because the children within a classroom will represent varied levels of 
cognitive development, the science activities must be individualized — each 
child must do what makes sense to him . Because of variations In values held by 
children, evaluation by the teacher is deemphasized In favor of "accepting but 
non-eva I uati ve teacher behaviors." 

3. An elementary school science program must be flexible enough to facil- 
itate maximum cognitive progress of individuals; this involves a self-determined 
pace from manipulation of concrete objects to manipulation of symbols and other 
abstract ideas and to the concomitant higher mental processes of problem solving . 
Cognitive characteristics of elementary school children dictate that all objectives 
of an elementary school science program must be associated with the personal mani- 
pulation of concrete objects by the learners. The emphasis on concrete objects 
should not suggest that elementary school science Involves no abstract thinking. 

The child will have opportunities for "thinking" manipulations rather than doing 
them. This, however, will be an individual choice. He will not face the necessity 
of "thinking" manipulations that he cannot "hold In his mind;" he will have the 
option of dol ng. 

The last decade has yielded a steady Increase In research on the relationship 
of experience to cognitive development. Van de Geer and Jaspers (12) have 
pointed out that cognitive theories may vary on a continuum from extensions of 
stimulus-response theory to phenomenological approaches. Gray and Miller (13) 
have suggested that between the two extremes of this continuum lie the theoretical 
positions which are most influential In current research. These theoretical 
positions envisage cognitive growth in a way that is compatible with the science 
described In this paper. Cognitive growth is the devetoyment of increasingly power 
ful representation systems for dealing with future encounters of the organism with 
reality. This position reflects the points of view of Bruner's group (14), the 
Piagetlan school (15), and certain of the Soviet psychologists (16). 

Perhaps Bruner and nis associates have been most active In making direct 
applications to educational theory. With regard to developing problem-solving 
or Inquiry competencies, Bruner has written: 

Of only one thing I am convinced. I have never seen 
anybody Improve in the art or technique of Inquiry 
by means other than engaging in Inquiry. (17) 

To this idea is added the necessity for dealing with concrete realities 
in advance of the abstract elements of inquiry. The importance of concrete 
objects In a child's environment may be drawn from many theoretical positions. 

The critical importance for the elementary school child to have opportunities 
to act on and transform materials Is most directly related to the theoretical 
position of Jean Piaget. Piaget's statement "Experience fashions reason and 
reason fashions experience," (18) suggest' the subtle and complex relationships 
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between the experiences of "object manipulation" and the "Idea manipulation" 
of higher mental processes of problem-solving. 

David Ausubel admits the Importance of manipulating concrete objects In 
an article prepared to "complement" the Piaget Conference of 1964. He writes 
that the emergence of simple abstractions or Ideas about objects and phenomena 
...must always be preceded by an adeguate background of direct, non-verbal 
experience..." Professor Ausubel also comments on the "meaningful understanding 
or manipulation of relationships between abstractions or of Ideas about Ideas;" 
he writes: 



In this kind of operation the primary school pupil Is 
still dependent upon current or recently prior concrete- 
empirical experience — when such experience Is not 
available, he finds abstract relational propositions 
unrelatable to cognitive structure and hence devoid of 
mean 1 ng . (19) 

If concrete object manipulation Is necessary for the "normal" children. It 
is much more critical for the disadvantaged child who In Bloom's (20) words'ls 
"at a relatively low level of linguistic development" and "values things and act- 
ivities which are concrete." The 1964 Research Conference on Education and Cul- 
tural Deprivation yielded the following analysis of the school difficulties of 
disadvantaged children: 

However, It Is In the reduced physical activity of the 
school and In the demand for long spans of attention 
that he Is at a special disadvantage as compared with 
children from culturally advantaged homes. It Is 
difficult for him tc learn to be quiet and to attend 
to a flow of words (many of which he does not under- 
stand) from the teacher. (20) 

Fantlnl and Weinstein (21) suggest that aM_ children are at a disadvantage 
in a school In which physical activity is reduced. In discussing Piaget's and 
Bruner's Ideas and bow they relate to elementary school science, Celia (Stendler) 
Lavatelli writes: 

Activities with a motor component are not new to science, 
but what Is new is that we now have a rationale for which 
concepts need this kind of sensorimotor underpinning. (22) 

This "rationale" for student-structuring of their learning comes primarily 
from the work of Jean Piaget. It Is Important to emphasize a distinction between 
"development" and "learning." "Development of knowledge" Is recognized In Piaget's 
(23) words, as "a spontaneous process" which Is tied to the development of the 
body (Including the nervous system) as well as the development of mental functions. 
Learning, on the other hand, "...Is provoked by s I tuat Ions . .as opposed to spon- 
taneous." Learning Is limited by development only to the extent that development 
may not be Influenced by situations. We accept the lack of conclusive Information 
regarding the extent to which situations nay Influence development. Piaget I den- 
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tified four factors to explain development: (I) maturation, (2) experience, 

(3) social transmission, and (4) equilibration. 

The role of "maturation" in this "rationale" is clarified by the following 
statements by Piaget; 

First of all, we know practically nothing about the maturation 
of the nervous system beyond the first months of the child's 
existence. V/e know a iittle bit about it during the first 
two years but we knew very little following this time. But 
above all, maturation doesn't explain everything, because the 
average ages at which these stages appear (the average chrono- 
logical ages) vary a great deal from one society to another. 

The ordering of these stages is constant and has been found 
in all the societies stud ied .. .However, the chronological ages 
of these stages vary a great deal. (23) 

The constant ordering of these stages provides a basis for some initial 
assumptions on the types of "activity opportunities" that ought to be avail- 
able to chi Idren. The absence of the "fine strucf 3s" of these stages em- 
phasizes the necessity of wide variety and flexibility in "activity opportunities." 

To further associate the importance of experiences with concrete objects to 
the theoretical position of Piaget (specifically his explanation of "development") 
consider the following statements made by Piaget: 

Knowledge Is not a copy of reality. To know an object, to 
know an event. Is not simply to look at it and make a 
mental copy or image of it. To know an object is to act 
on it. To know is to modify, to transform the object, and 
to understand the process of transformation, and as a conse- 
quence to understand the way the object is constructed. (23) 

The importance of concrete objects to children of preope rational and 
concrete operational thought* is emphasized by Piaget in his discussion of the 
two types of experience — 'physical experience" and " logico-mathemati ca I exper- 
ience. 



Physical experience consists of acting upon objects and 
drawing some knowledge about the objects by abstraction 
from the objects. For example, to discover that this 
pipe is heavier than this watch, the child will weigh 
them both and find the difference in the objects them- 
selves. This is experience in the usual sense to the 
term — in the sense used by the empericists. But there 
Is a second type of experience, which I shall call 



* Itost children in grades K-1 are preoperat iona I in thought; most children In 
grades 2-6 are concrete operational in thought. 
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logi co-mathemati ca I experience, where the knowledge 
is not drawn from the objects, but it is drawn by the 
actions effected upon the objects. This is not the 
same thing. When one acts upon objects, the objects 
are indeed there, but there is also the set of actions 
which modify the objects. (23) 

In these comments, Piaget has suggested that the child must not only have 
access to the objects but must manipulate them directly. The child must have 
direct contact with concrete objects end must learn from his "actions effected 
upon the objects." He expands these ideas to include language and its relation- 
ship to the source of logic: 

I believe that logic is not a derivative of lannuage... 

It is the total coordination ^f pet ions, actions ef 
joining things together, or ordering things, etc. This 
is what logi co-mathemati ca I experience is. It is an 
experience of the actions of the subject and not an 
experience of objects themselves. It is an experience 
which is necessary before there can be operations. On§e 
the operations have been attained this experience is 
no longer needed and the coordination of actions can 
take place by themselves in the form of deduction and 
construction for abstract structures. (23) 

Therefore, the child must have access to concrete objects which he is free 
to manipulate or not— as he chooses. This is based on the notion that he will 
manipulate the obj€>cts if they have some appeal for him and if he has not 
yet acquired the "operation" involved. If he has acquired the operation he 
will choose to coordinate his actions by "thinking" certain manipulations 
rather thaf "doing" them. He proceeds then on a "self-paced" schedule from 
concrete manipulations to the use "of symbols and other abstract ideas and to 
tbe'^concomi tant higher mental processes of prob lem-sol vi ng,"^ Two children 
working side-by-side can easily engage in their separa'*.^ activities but at 
very different levels of sophistication in terms of abstract thlnPiing.' ’Thfs 
is necessary if we are to serve the cognitive needs of indivi duals — for under 
these conditions it is not necessary for the teacher to know the level of 
intellectual develcpment of each child, at a specific moment in time. (She 
could not possibly have this information.) 

In addition to maturation and experience (both physical and loqico- 
mathematical ) , Piaget emphasizes the importance of "social transmission" (as 
well as the danger of over-emphasis of this factor) in the following statement: 

This factor, once again is f undamenta I . . .but this factor 
is insufficient because the child can receive valuable 
information via language or via education directed by 
an adult only if he is in a state where he can understand 
this information... It is only when they themselves are 
in possession of this logical structure, when they have 
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constructed it for themselves according to the develop- 
mental laws which we shall discuss, that they succeed in 
understanding correctly the linguistic expression. (23) 

Almy adds emphasis to the dangers of heavy dependence on teacher-structured 
social transmission: 

Piaget's theory does not propose that a child should 
never be confronted with a problem that may be beyond 
his comprehension. But it does argue strongly that to 
permit him to lear ) an appropriate answer without 
making certain that he can retrace his steps, or arrive 
at the same result in another way, is to encourage the 
erection of a verbal superstructure that may crumble 
under even minimal cognitive stress. (6) 

The fourth factor which Piagot associates with development is considered 
by him to be of greatest importance. Egui I i bration is a "process of self 
regulation" which provided for the learner both ’’feedback'' and "feed-fonvard." 
Piaget says: 



...in the act of knowing, the subject is active, and 
consequently, faced with an external disturbance, he 
will react in order to compensate and consequently he 
will tend tov/ards equilibrium. Equilibrium, defined 
by active compensation, leads to reversibility. Opera- 
tional reversibility is a mode! of an equilibrated 
system where a transformation !n one direction is 
compensated by a transformation in the other direction. 
Equilibration, as I understand it, is thus an active 
process . (23) 

The four factors, maturation, experience, social transmission, and 
equilibration, affect the ''development of knowledge" in the child and have 
implications for school programs for the child. These implications can be 
summarized briefly as follows: 

a. flaturationa I "stages'' occur in a definite sequence but 
vary in 'age of appearance" from one child to another. 

Self-paced activity by the child is, therefore, critical. 

b. Experience with concrete objects is necessary both from 
the standpoint of learning from the objects, and learning 
from what is done to the objects by the child. 

c. Social transmission (talking to children) Is useful only to 
the extent that the child already possesses the structure 
necessary for understanding. The teacher must, therefore, 
talk with the child about what the child is doing rather 
than whaT she would like the child to "know." The teacher 
must talk cautiously with children, ready to recognize the 
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absence of the structure which permits understanding, willing 
to await this sel f-structuri..g by the child. 

d. Equilibration requires active involvement by the child. It 
requires individual reflection and activity. The teacher 
must not interfere by forcing her structures verbally or by 
demonstration on the child. ’‘Time to think” must be generously 
available to children — but objects on which to act and 
think must also be generously available. 

An elementary school science program must facilitate individual develop- 
ment of interests, attitudes, personality and creativity which enhance the 
continued development of individuality in the learner . Each student must have 
the opportunity to develop those unique abilities vyhich increase his self- 
respect and independence. Each student must have tne opportunity to develop 
his creative abilities. 

According to Gui I ford (24) education has concentrated too much on convergent 
thinking; it has taught the student how to reach answers which society has 
determined to be ’correct.” Except possibly in the arts, critical thinking has 
been restricted to a framework in v/hich every question has one correct answer. 

George Kneller levels the charge against our educational system that it has: 

...neglected, and all too often suporessed, the natural 
creativity of the young... for only in the last decade 
have educators begun to realize that creativity is as 
natural to the average student as it is to the genius. (25) 

Abraham Maslow writes of the ”newer humanistic paradigm" for science. He 
sees this as activity in which: 

...the more everyday cautions and patient work of checking, 
validating and replicating is seen, not as all there is 
to science but rather as fol low-up work subsequent to the 
great intuitions, intimations, and illuminations of the 
creative and daring, innovative, break-through scientist. 

Caution is then seen to fol low upon boldness and proving 
comes after intuition. (26) 

In summarizing Piaget’s contribution to the 1964 Conference on Cognitive 
Studies and Curriculum Development, Eleanor Duckworth emphasized the impli- 
cations of his approach for educational practices: 

The great danger today is from slogans, collective 
opinions, ready-made trends of thought. We have 
to be able to resist individually, to criticize, to 
distinguish between what is proven and what is not. 

So we need pupils who are active, who learn early to 
find out by themselves partly by their own spontaneous 
activity and partly through material we set up for 
them; who learns early to tell v/hat is verifiable and 
what is simply the first idea to come to them. (27) 




It is this aspGct of sciGnc© that causGs it to bG a powerful segment of 
the elementary school curriculum. This aspect provides the motivation to use 
science in the elementary school to enhance the development of the unique 
abilities of children from varied backgrounds— chi I dren who are different 
from each other. Educational attention to "individual differences" can 
become more than abstract ’’lip service.' 

Ottinger and Marks call our artentlon to a 1967 statement by Glen Heathers; 

During the past decade, the term "individualizing 
instruction’ has become a watchword with educational 
reformers. Two recent yearbooks of educational 
organizations have had this term as title. . .odd ly 
both volumes were written as though everyone knows 
what individualization means since neither of them 
offers a working definition of the term. In point 
of fact, there Is great confusion. (28) 

The approach to Individual differences which seems most likely to enhance 
the self respect. Independence, and creativity of the Individual depends 
heavily upon the accessibility to the child of appropriate sets of objects 
under appropriate conditions. These materials and conditions must make possible 
a great variety of activities— activities which each child can voluntarily 
and independently design for himself. The properties and property relationships 
represented by the objects must be related to the cognitive characteristics of 
the child and must have sufficient appeal that he chooses to "work with" them. 

5 . An elementary school science program should encourage a chlld*s tend- 
ency to accept the existence of individuals who have ideas and values which are 
different from his own . The elementary school science program whould facilitate 
the recognition of the uniqueness of Individuals, their ideas, their values, 

and their behavior patterns without the usual helrarchica ranking of those 
individuals. The child should learn to disagree on ideas and to defend his 
own ideas without the usual conclusion that the opposing Idea (or the opposing 
indIviduaO Is wrong, stupid, or otherwise inferior. 

This is compatible with preceding statements about the nature of science. 
Alternative explanations for phenomena are accepted In science. Alternative 
statements of perceived relationships are not necessarily contradictory. 

An elementary school science program will enhance "acceptance without 
evaluation" of differences by the daily reflection of this in the behavior of 
the teacher and the children. Accepting differences is necessarily associated 
with a program which enhances the development of differences. 

6. An elementary school science program is specified only when the 
several elements of classroom conditions have been described in sufficient 
detail to permit implementation in the schools for which the program is 

i ntended. 



A variety of definitions for "curriculum" can he found in curriculum 
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writings. I agree with Taba (29) that — ''some definitions are too all-encompas- 
sing and vague to help precision in tii inking." However, development of an 
appropriate elementary school science program rules out as too narrow the 
specification by Gagne (30) that curriculum "...leaves out specific consider- 
ation of the design of learning conditions.' Curriculum research can be done 
only to the extent that the curriculum can be reproduced. (31) This is 
possible only if all necessary elements of the curriculum have been described 
and if means of establishing and maintaining those conditons are available. 

Classroom conditions for science may be described in terms of (a) physical 
facilities, (b) materials for children, and (c) teacher behaviors. The program 
exists only to the extent that these three componentL vf classroom conditions are 
compafible with the program goals. 

Although no conclusive research data is available to specify precise condi- 
tions under which learning is maximized, we are not left without strong indica- 
tions of the sets of conditions which are associated with different outcomes 
of education. Undoubtedly, the largest 'body" of research relating to 
classroom conditions is that research common ly referred to as "class'^oom 
interaction analysis" or "systematic classroom observation." This field of 
research has been extremely valuable because it has operationally defined 
"teaching" and "learning" as different activities. It has, instead, attempted 
with considerable success to empirically associate certain "teaching behaviors" 
with certain "learning behaviors," or "outcomes of education." Various 
researchers have been impressively successful in identifying these "associations," 
or relationships. 

B. 0. Smith's early work with 'closed episode" versus "open episode" teach- 
ing, for example, lead to the following conclusion; 

It is not difficult to see that episodes of the closed type 
lend themselves very easily to prograri,”ed instruction such 
as that used in so-called teaching maciiines where the 
situations are so structured as to reduce the chance of 
incorrect responses. In sharp contrast, episodes of the 
more open forms lend themselves to manipulation by those 
teachers who wish to encourage originality and flexibil- 
ity in their students. It seems reasonable to suppose 
that the openness of episodes tends, in the various 
sciences, to encourage creativity and, in those fields 
with social concerns, to stimulate the growth of wisdom. (32) 

If rationality is as Rogers (33) defines it, "the use of the most effective 
means to reach a given end," then the science program will employ "open epi- 
sodes,'' which "encourage a great variety of responses," (32) as opposed to the 
"closed episodes," which involve only one correct response. 

The earliest systematic studies of '"classroom climate" are those of Ander- 
son and his colleagues (34, 35, 36, 37). These studies of preschool and ele- 
mentary school classrooms involved different teachers and extended over several 
years; they revealed that the teacher's behavior set a pattern which spread 
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throughout th© classroom — influencing the behaviors of children even v/hen the 
teacher was not present. These student behavi »rs even persisted into the fol low- 
ing school year. If the teacher dominated, the students adopted dominating be- 
haviors; if the teacher was integrative, so were the children. Anderson 's'*stud ies 
also revealed that initiative, spontaniety, and prob lem-sol vi no were enhanced 
by integrative teacher behavior. Tiie students of domi native teachers were more 
easily distracted from schoolwork and showed greater compliance to, as well as 
rejection of, teacher domination. 

A rational decision is to establish and maintain integrative teacher be- 
haviors, or those behaviors which increase the alternatives of children — be- 
haviors which do not command chi Idren. These conclusions were supported in the 
independent investigations of Lippett and White (38). 

Flanders (39) found that domi native teacher behaviors were consistently dis- 
liked bv pupils, reduced their ability to recall, and produced disruptive anx- 
iety revealed in galvanic skin response and changes in heart beat rate. Perkins 
(40) found that greater learning took place i' the teacher used integrative 
techniques; Cogan's work (41) even revealed that students did more assigned and 
extra schoolwork when they perceived their teacher's behavior as integrative. 

Lew in has found that "objectivity cannot arise in a constraint situation; 
it arises on^y in a situation of freedom." (42) Constraint teacher behaviors 
produced a high level of dependency of students on their teachers. 

This powerful work of Anderson has been pursued by many "followers" into 
the Current research of Withal I, Joyce, Flanders, and many others who followed 
the Flander's "model". The 1968 "Anthology of Classroom Observation Instruments," 
repeats and emphasizes the composite findings of the last thirty years of research 
on classroom teacher behaviors: 

Teachers who behave in an integrative (supportive) fashion tend 
to have students who behave i ntegrati vely , and conversely, domi na- 
tive teachers have students who are domi native, aggressive, and 
non-sharing." (43) 

"Goal clarify' was introduced by Flanders (44). His research suggests that 
dependency does not increase in students if the instructional goals are clear 
to them — even when the teacher exerts "direct influence" over the activities of 
students. However, if the goals are not clear to students ^ a high level of 
dependency developes when teachers are ’’directive . 

These findings have clear implications for science classroom conditions — 
since the goals of coi elementary school science program cannot voss^’bly 
be clear to the students. A student who does not hdve a concept of classifi- 
cation cannot possibly understand a gcai which involves developing a concept 
of classification. A studen+ wiio does not understand iteration cannot possibly 
have an understanding of a goal which involves measurement of length with a 
ruler. Therefore, it seems uncompromisingly clear that classroom conditions 
must involve freedom of the student to choose and direct his own activities. 

The teacher must not tell or show the student how to do the activity— nor 
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even tell him which activity to do. This imposes severe, but challenging, 
limitations on the materials which may be designed for children. The child 
must have a spontaneous affinity for the materials! The science concept 
and process objectives must be communicated to the child via his own Inter- 
pretations of and actions on the sets of objects which are available to him. 

Since different children v/i!l have affinities for different materials 
and wl I I have different cognitive levels, there musf be a variety of objects 
available and there must be a variety of ’'activity opportunities" with each. 

A Program to Faci I itate the Student-Structuring 
of ScienTe in the Eleme ntary School Classroom 
(or Letting the Child Do His Own Thing) 



A. Object! ves 



A beginning science program should have objectives associated with both 
affective and cognitive learning. The cognitive objectives should be 
associated with the goal of communicating to children what science is and 
how creative and systematic thinking relates to solving se I f-percel ved 
problems. The dlvl'id who completes a K-6 science program should, he able to 
d,esign activities (without suggesions ) and do activities (without instructions) 
in Wdich he: (1) manipulates objects in a way that is dependent upon the 

properties of the objects ^ (2) identifies relationships among the properties 
of ^-static objects-^ or among the factors which affect the behaviors of "dbynamic 
systems,” and (Z) moi'iipulates objects to test the usefulness of the 
relationships which he has identified. 

The affective objectives should be associated with the development of a 
positive self concept with regard to independent learning. The child who 
completes a K-6 science program should, identify himself as a person who can 
be successful in science and who chooses to use science. He should describe 
science in terms of activities which make sense to him. He should state 
nis own explanations for naturo.l phenomena coid. should modify these only when 
tney cease to be compatible with his own interpretations of his environment. 

He wtll frequently state alternative explo.nations for an observed phenomenon 
and will identify ‘'tentativeness ■ as an importai'it characteristic of scientific 
knowledge. 

Science can be communicated to students by activities in which students en- 
gage. These activities must be consistent with "what science Is" and "the child’s 
perceptions. ■ If the program which the child associates with science Is a program 
in which science facts, science concepts, or science processes are given to the 
student, then the student learns that science is a col lection of facts, concepts, 
or processes. This learning Is reinforced If he Is then asked to repeat back to 
those facts or concepts on an examination or to exhibit those process skills in 
which he has been trained. Clearly, many school science programs Involve predomi- 
nantly this kind of activity. 

If one intends to communicate rational science then the school science pro- 
gram must Involve students who are parti ci oati no with their minds and their hands 
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in science. This participation must make sense to them at the time they are 
participating. The student participant in science must seek relationships dur- 
ing science activities. He must decide whether or not he has identified a re- 
lationship and must assess for himself the value of that relationship as a piece 
of scienctific knowledge. Thus, science can be communicated to the student 
participant by providing activities appropriate to that wliich is to be commun- 
icated. Science is communicated to a student hi) having the student participate 
in science which makes sense to him at the time of participation. 

B. Cl assroom Cond i tions 

In designing an elementary school science program one must make the assumption 
that the environment for learning communicates both cognitive and affective 
messages.^ Conditions must he established so that the cognitive message makes sense 
to the child and the affective message facilitates an affinity for independent 
decision-making and a positive self concept with regard to science. Each child 
should frequently (probably daily) participate in a" ’’science session" which Is 
characterized by the following classroom conditions: 

1 . Each child should have access to nis own set of materials. 

Chi Idren should be permitted to share but not required to share 
materials. It is critical that children feel relaxed and inde- 
pendent as they engage in science activities. One child should 
not be under pressure to keep up with another child. Primary 
school children characteristically choose to work individually 
if given a choice. Older children frequently work in groups. 

Children should nave the responsibility of deciding on the size 
of the group. 

2. Each child should feel that he can do what he wishes with the 
materials (including doing nothing) so long as he does not 
disturb other children or damage his materials. 

Since the teacher or curriculum designer cannot be sure of what makes 
sense to an individual child and since science is "using one’s mind 
and hands in a way which makes sense" it is necessary that the 
child decide what he is to do with the materials available to him. 

The careful selection of objects by the curriculum developer provides 
the child with opportunities for engaging in a great variety of 
activities. A "science session" will terminate for a child when 
he decides he has "finished.’ (Of course, it might be necessary 
for the teacher to terminate a session because of time limitations 
beyond her control.) A child should never feel compelled to 
continue with a set of materials because other students have not 
"f i ni shed. •" 

3. After receiving ‘’new’’ materials ^ the child may elect to return to 
an '"old ' set. 

Previously-used materials are available at the 'side table" — an 
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important part of the science program. Children are permitted to use 
any material at the "side table" during "free" time throughout •^he 
school day. 'Access" is of critical importance! 

Vertical and iateral flexibility is provided by the cor.iinued 
availabiiity of materia is at the "side table." The child must 
feel confident that he can deciae for himself how much time he 
will devote to a particular set of materials. He must not be 
afraid of "losing" access to materials when he gives them up 
for the day. 

These classroom conditions can be estabiished and maintained by the devel- 
opment of approoriate teacher behaviors, facilities in the classroom, and mat- 
erials for children. Teacher behaviors for this science program can be des- 
cribed in quantitative terms by the use of an instrument (45) developed for 
this purpose. The following statements describe teacher behaviors in qualitative 
terms : 

I, Tne teacher will respond to what the individual child is doing rather than 
giving a generalized response to all children. 

This means that the teacher will interact verbally with individual 
children (or with small groups) rather than with the entire group 
of children. A we I I -accepted educational trend is toward "indivi- 
dualized i nstruci ton . " Various forms of "individually prescribed 
instruction" and "contract teaching" are being revived or introduced. 

These "techniques" have frequently been applied to existing curricula 
with few sound criteria for answering questions like the fol laving: 

On what basis does one individualize science activities for young 
children? What characteristics of a child provide the "input" 
for his individual "prescription?" Are the program objectives 
compatible with the intellectual abilities of the child? 

In a science program the teacher should take a humanistic approach 
to individualized learning. Note that the teacher responds to, 
rather tl an directs, the child’s behavior during science activities. 

.2* The teaJier will prove (without pressure) the child's thinking in 
order to give the child opportunities for verbalization. 

The teacher plays an active role during "science session," but 
she does not control the activities of children by giving directions 
on how activities should be done. Neither does she direct the 
activities by asking specific questions for which the child feels 
obligated to find answers. A child must be comfortable in saying, 

"I don’t know." The teacher must not only communicate this ver- 
bally but must behave as if she means it. 

3. . The teacher must reward children equally for their activities. 

She cannot praise the child who classifies by placing objects in 
pi les and ignore the child who makes a "picture" with the same 




17 



objects. To implement this, it .is suqqested that the teacher 
exhibit ''accepting” but 'non-praising” behaviors in response to 
students . 

The teacher must not communicate certain 'expected behaviors” 
as the "correct behaviors; this could place the child under 
pressure to exhibit behaviors which do not make sense to him. 

One must not reason: If this is the behavior that is desired 

in the child, then efficiency demands that we show or tell the 
child how to exhibit the behavior and, thereby, bring him 
quickly to success (as defined by the adult). This practice 
can and does result in much drill in verbal and manipulative 
mimicry by the child. Even worse is the strong likelihood that 
the child learns that science is mimicry — or that learning is 
mimicry. 

It might be necessary for the teacher to praise children for 
social behaviovs^ but she should not communicate that certain 
science activities are better than others. This would result 
in an immediate reduction of the freedom of the child to imple- 
ment his oim i deas . 

The teacher must accept (hut not reinforce) the child's ’’erron- 
eous statement and must not tell him what he does not understand. 

If one concerns himself with both the cognitive and the affective 
elements of communication, then the problems associated with 
"telling” and "correcting” become undeniable. Consider the child 
who says after "hefting” that one object weighs more because it 
is bigger. The teacher corrects him by saying "try that again.” 

The affective element of that communication migh''' be: "Don't 

depend upon your own perceptions. Depend upon the teacher's clue" 
or "Your teacher thinks you’re not very bright.” This affective 
element could very well override the cognitive element of the 
communication — especially if the child has no functional concept 
for weight, volume, surface area, etc. This creates a critical 
problem in the natural sciences — an area in which the child 
should definitely turn to his natural environment for answers 
to his questions. 

It is accepted that children can learn to say words which have 
little meaning for them. The six-year-old can talk of molecules, 
energy, gravity, and mass. The notion that his verbal definitions 
for these terms make useful sense to him can be dispelled by 
the teacher who questions the child without leading him (giving 
him more words to say). The scientific illiteracy of most adults 
suggests that the cognitive element of the communication in their 
science "courses” was nonsense. Their dislike for science suggests 
that the affective element of the communication was negative. 

Consideration of this point of view requires the teacher to 
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consider the danger of the verbal teaching of "ideas''' which the 
child cannot understand because his level of cognitive development 
does not permit the understanding. The teacher recognizes the 
danger of 'training" the child to participate ip non-verbal 
activities before he has access to mental operations associated 
with these activities. A child who does not have access to 
mental operations associated with identifying and controlling 
variables in an investigation can be ''trained'* to do this. He 
can mimic others or follow step-by-step suggestions. Is it not 
extremely likely that the child will 'learn" these "activities 
of science'’ within a nonsense framework? Will the child learn 
that learning nonsense is 'okay” — or even necessary? Is it desirable 
that his initial experiences with science involve the learning 
of nonsense on the assumption that it will someday make sense 
to him? 

Physical faci lilies should provide maximum freedom of movement for child- 
ren and maximum "working space" for individuals or groups of children. This 
working space should be a flat surface — ideally a tabletop but floor space Is 
adequate. Since a large number of sets of objects must be accessible to child- 
ren, a "side table" is a necessary piece of furniture for the display of these 
sets of objects. 

C. Content 



The "content" of the elementary school science program may be described 
in terms of ( I ) materials, (2) concepts, (3) processes, and (4) information. 

I . Materi a Is 



In accordance with the variation in cognitive characteristics 
of children from 4 1/2 years to II 1/2 years of age (grades K-6), 
the characteristics of sets of objects will vary. Certain 
requirements on the sets of objects are imposed by the classroom 
conditions necessary to implement the program objectives. Since 
the teacher cannot require children to "work with" materials, 
it is necessary that children have a voluntary affinity for them. 

The emphasis for preoperational children will be on static sets 
of objects wh'ch possess properties and property relationships 
related to concepts, processes, and information considered 
appropriate to the interests and cognitive levels of the children. 

As children advance into the stage of concrete operations, materials 
will be presented as dynamic systems which facilitate the perception 
of various behaviors of the systems and ways of manipulating these 
behaviors. In some cases systems will be presented to children for 
their Investigation; in other cases materials will be available 
from which children might construct dynamic systems, which they then 
might investigate. 

2. Concepts 

Concepts are associated with materials in that they must be communicated 
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to children by their interpretation of properties, property relationships, 
and behaviors of objects. Concepts are planned in accordance v/itn the 
cognitive potential of children. For example, concepts such as number, 
length, area, color, shape, and texture are associated witfi sets of objects 
for children in grades K-2. Action on objects might introduce concepts 
such as classifying, ordering, and measuring. 

It is anticipated that concepts will develop from simple properties toward 
property relationships and from property relationships toward problem- 
solving. It is not clear at what rate this development will take place. 
Research does not yet reveal the extent to which 1 1 -to-'l 2-year-ol d children 
might be expected to have available the mental operations associ;ated with 
Scientific problem-solving. 

3. Processes 

Processes are associated with materials and concepts in that they must 
become available to children as a result of their own perceptions of the 
materials and the mental operations possessed by the children. Children 
will not be 'trained" to engage in processes such as classifying, ordering, 
measuring, and controlling variables. They will have opportunities to 
engage in processes as they perceive the desirability of engaging in these 
processes. It should be emphasized that the separation of "concepts" and 
"processes" In this paper is for convenience and clarity of communication. 
In the development of a program concepts and processes do not have separate 
identities. "Process" is viewed as a concomitant action associated with 
the self-structuring of "concept." 

4. I nformati on 

The communication of information to children should not be of independent 
concern in an elementary school scionco program. It is included under 
"content" because communication of information cannot be avoided (and, 
of course, no one wishes to avoid it). Children who interact with science 
materials will acquire information in a meaningful framework of activity — 
both physical and mental. 

D. Teacher Preparation 

Although it is beyond the scope of this paper to describe a teacher pre- 
paration program, a few comments are In order. Teachers teach as they are 
i-aught! Learners behave as do their teachers. This in an observation which 
has been verified by research (28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39); 
it has important implications. 

In an elementary school science program, the child should be provided with 
classroom opportunities foi" structuring his own knowledge by the utilization of 
mental processes which are available to him. These mental processes are asso- 
ciated with physical manipulations cf concrete objects in the environment. Ob- 
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viously, the phyincal manipulation is of very little (or no) value if the child 
follows the Instructions of his teacher or mimics the behavior of another child. 
The child must manipulate objects because he recognizes some "sense" In the 
manipulation. For example, it is assumed that the child who puts circular ob- 
jects into one group and square objects Into another after having been told to 
do so is engaging in a very different activity from the child who groups ob- 
jects because he has some self-identif led reason for grouping the objects. It 
is obvious that the science program for children would be seriously impaired If 
children were told or shown what to do with the materials of the program. It 
Is equally likely that the effectiveness of the program for children would be 
seriously impaired if the objectives associated with the program are communicated 
'verbally to teachers prior to the teachers’ physical and intellectual interaction 
with the materials and activities associated with the program. Operationally, 
this means that the teacher must be provided with experiences similar to those 
experiences which are provided for children. For example, the teacher must 
recognize objects. If the Importance of classification and the physical mani- 
pulations associated with the classification activities are verbally communicated 
to teachers, it is almost certain that teachers will at some point communicate 
this verbally to children. 

This suggests that science teaching cannot be taught to teachers by telling 
them about the science program. To tell the teachers would be equivalenTTo 
telling the children — for telling teachers communicates that teachers should tell 
the children. It is critinl that this pattern be avoided. It is imperative 
that the elementary school tecu:her structure for herself the meaning of the 
science program. This requires the careful development of materials which are as 
appropriate for the teacher as the child’s materials are for him. These materials 
for the teacher and the activity opportunities provided for the teacher constitute 
a "teacher preparation program". [A more complete description of a teacher 
preparation program which is compatible with the structur of scientific 
knowledge by children will be available in January, 1971 (46)H. 

Conclusion 

If science is the human activity of making sense of the environment as one 
interprets it and if elementary school children perceive their environments 
differently, then any appropriate elementary school science program will 
maximize the importance of the individual child in the program. Any approp- 
riate program will minimize the importance of "identical learning" and will 
make no effort to implement "identical learning on an Identical schedule." 

The science experiences of most elementary school children are leaving the 
impression that science is merely a collection of facts, laws, and static 
generalizations which are usually feared or dreaded by the non-scientist. 

In recent years "discovery" approaches to teaching and learning science has 
received increasing emphasis in connection with the development of elementary 
school science programs. Words like "inquiry," "invention," and "open-endedness" 
have been revived or introduced into current dialogue o" science teaching. 
Instructional techniques which involve predominantly verbal transmission of ideas 
are being abandoned ( or at least questioned). This has resulted in elementary 
school science programs which emphasize activities of science. Emphasis on the 
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’’facts" of science is being balanced by greater emphasis on the ’’processes" of 
science. 

A beginning science program which takes into account the chi Id’s Interpre- 
tation of his environment and which defines science in terms of ’’identification 
of »oglcal relationships" Is compatible with the trend toward emphasis on 
student activity, discovery, processes of science, etc. However, merely 
shifting emphasis from "products" to "process" does not necessarily result in 
a science program which makes sense to children. Merely shifting the child's 
role from passive consumer of "facts" to active participant in activities does 
not make science rational for the child. This Is especially true if wo insist 
that the children exhibit performance behaviors which are merely mechanical 
exercises in which they mimic the teacher or other children. 
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